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RADIORECEIVERWmi™STAGESOFIX:OFFSFrC^ 
ESTTMAnON 

TECHNICAIi FIELD OF THE IKVENTION 

This invention relates to a radio receiver, and in 
particular to a radio receiver for use in a digital 
5 Time Division Multiple Access (TDMA) communication 

system, such as the GSM cellular radio telephone 
system. 

BACKGROUND OF THE IKVENTION 

In a transmitter of a digital radio communications 
10 system, information bits are mapped to waveforms that 

modulate a carrier signal- In the receiver, the 
transmitted sequence of bits is retrieved by 
demodulation of the received signal. 

A generally efficient design of receiver circuit 
15 is the direct conversion, or homodyne, radio receiver, 

in which the received carrier signal is directly 
downconverted to baseband, without use of any 
intermediate frequencies. This architecture can be 
efficient in terras of cost, size and current 
20 consumption. 

One problem which can arise in a direct conversion 
receiver is distortion due to a DC offset. DC offset 
can arise in the baseband or radio parts of the 
transmitter, or, more commonly, in the baseband or 
25 radio parts of the receiver circuit. More 

specifically, the main causes of DC offset in the 
receiver are: transistor mismatch in the signal path; 
the local oscillator signal leaking into the received 
signal and self -downconverting to DC in the mixer; and 
30 a large near- channel inter ferer leaking into the local 

oscillator and self -downconverting to DC. 

.As a result of these sources, the DC offset signal 
can in fact be several dB larger than the magnitude of 
the information signal. It is thus apparent that the 
35 DC offset must be removed before the data can be 

satisfactorily recovered. 



wo 01/33792 



PCT/EPOO/10519 



-2- 



15 



An in^jortant part of the demodulation process in a 
digital TDMA receiver is the synchronization. The 
purpose of synchronization is to find the position of 
the symbol in a received signal burst. This is made 
possible by transmitting a specific symbol pattern 
knovm as the training sequence within the burst. The 
training sequence is knovm to the receiver. Then, the 
receiver can carry out a correlation between the 
received signal and the known training sequence, in 
order to find the synchronization position. The 
training sequences used within the system are designed 
in such a way that the synchronization performance is 
optimised when the received burst is a filtered version 
of the transmitted symbols plus white noise. 

Thus, a received radio signal is downconverted, 
low-pass filtered, and sampled in a radio receiver 
front -end circuit. As is known, the sampled signal 
y(t) can be described by: 

y(t)=h(0)u(t:)-i-h(l)u(t-l)*. . . +h(L) u (t-L) +e (t) 

20 =HC7ft; +e(t) 

where H^[h(0) rh(L)] is a complex valued vector 

representing the radio channel, and U(t) = [u(t) , . . ,u(t- 
L)] is a complex valued representation of the 
transmitted symbol at time t, t-1, . . • / t-L. The signal 
25 eft; is assumed to be white noise. 

The sampled signal y(t) is then supplied to a 
synchronization unit, that correlates the received 
burst with a training sequence, in order to find the 
synchronization position. Based on the found 
synchronization position, a channel estimation unit 
then estimates the coefficients H which define the 
radio channel. The estimated channel is then supplied 
to an equaliser that decodes the received data. 

However, in the presence of DC components in the 
signal which is to be demodulated, the standard 
synchronization procedure is no longer optimal, and 
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thus the bit error rate in signals received by the 

receiver may be worsened. 

SUMMARY OF THE INVENTION 

The present invention relates to a synchronization 

procedure that provides acceptable performance when the 

received signal includes a DC offset. 

More specifically, according to the invention, the 

DC offset component is estimated in two stages. 

In preferred embodiments of the invention, a 

coarse DC estimation is performed,- and the estimate is 

removed from the received sequence. Then, a coarse 
synchronization is performed in order to estimate the 
synchronization position within the burst. 
Subsequently, a coarse channel estimation and a finer 
DC estimation are performed simultaneously, and the 
refined DC estimate is removed. Finally, a refined 
synchronization and channel estimation are performed, 
and the refined estimate of the channel is fed to an 
equaliser, which acts on the received signal, after 
removal of the refined estimate of the DC component. 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a block schematic diagram of a first 
receiver in accordance with the invention. 

Figure 2 is a block schematic diagram of a second 
receiver in accordance with the invention. 

Figure 3 is a block schematic diagram of a third 
receiver in accordance with the invention. 

Figure 4 is a block schematic diagram of a fourth 
receiver in accordance with the invention. 

mgT&TT.KD DESCRIPTION OF PREFERRFTI T^MBQDIMENT 

Figure 1 is a block diagram of a radio receiver in 
accordance with the invention. A radio signal received 
by an antenna 2 is downconverted, low-pass filtered and 
sampled in a direct conversion radio receiver front-end 
circuit 4 . 

The sampled signal y(t) in the case of a digital 
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transmission CeUi be described according to 
xft;=yCt; +DC 

z.h(0)u(t)+h(l)u(t-l)+. . .+h(L)u(t-L)+DC+e(t) 

=HU(t) +DC+e(t} 
where [h(0) , . . . ,h(L) ] is a complex valued vector 
representing the radio channel, and U(t) = [u (t) , . . ,u(t- 
L)] is a complex valued representation of the 
transmitted symbol at time t, t-1, . . . ^ t-L. The signal 
e^t; is assumed to be white noise. DC represents the 
unknown DC component generated either by the radio 
transmitter or the radio receiver. The signal y(t) is 
fed to a memory 6. and also to a first DC estimation 
unit 8 which makes a coarse DC estimate by taking the 
average over the burst or over a part of the burst, 
i.e. 



where N is the number of signals over which the average 
is calculated. The coarse DC estimate is then 
subtracted from the signal y(t) , in an adder 10, giving 
a new signal 
_f^( t)^x(t} -DC 

Note that the averaging is performed over a finite 
number of symbols, implying a biased DC estimate, i.e. 
DC=DC-Rdc 

Where Rqc is the residual DC component. Note that 
Rjjc is symbol dependant and will vary from burst to 
burst. Using extended averaging, ideally over an 
infinite number of bursts, would provide a better 
estimate of the DC component. This is however not 
possible since the DC component varies from one burst 
to the other. Thus, the signal }^(t) can now be written 
as 
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The signal is then fed to a first 

synchronization unit 12 that correlates the received 
burst with a training sequence (TS) in order to find a 
coarse synchronization position. The calculated coarse 
5 synchronization position is then fed to a first channel 

estimation unit 14 that estimates the radio channel and 
the residual DC offset, i.e. the coefficients H and R^c 
simultaneously. This can be achieved using standard 
Least-Squares estimation techniques, by extending the 
10 channel model to include a DC tap. The estimated 

residual DC component Rq^ is then output from the 
channel estimation unit and subtracted from S^(t,) , in a 
second adder 16, giving a new signal KO • This signal 
can now be assumed to be written according to: 

15 pit-)=h(o)u(t)+h(i)u(t^-i)^. . .+hfi.;ua-i.;+eft;=Htrft;+eft; 

The signal y(j') is then fed to a second 
synchronization \init 18 that correlates the received 
burst with the training sequence (TS) in order to find 
a better synchronization position. The synchronization 
20 position is then fed to a second channel estimation 

\init 20, that estimates the radio channel, i.e. the 
coefficients H, in the same way as described before. 
The estimated channel fij together with the signal 5>(/) 
is then fed to an equalizer 22 for further processing. 
25 Figure 2 shows an alternative embodiment of the 

invention. 

The performance gain made by doing an extra 
synchronization and channel estimation is obtained when 
the signal quality is good. Thus, in order to save 
current, which will for example give longer stand-by 
and talk- time in a mobile telephone, one can make a 
decision whether or not to carry out the second 
synchronization and channel estimation. Components of 
the circuit of Figure 2 which correspond to those of 
the circuit of Figure 1 are given the same reference 
numerals. In the circuit of Figure 2, the first DC 
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estimatiori, synchronization and channel estimation are 
prepared as before. The estimated channel filter taps 
together with a measure of the signal quality, e.g. an 
estimate of the Signal to Noise Ratio (^SNR) , are fed 
5 from the first channel estimation unit 14 to a control 

unit 28 that decides whether or not the second 
synchronization and channel estimation are to be 
carried out. If the SNR is above a threshold, the 
second synchronization and channel estimation are 
10 performed. - Otherwise; they are not . If so, the second 

synchronization and channel estimation are performed as 
described above. If not, the signal y (t) and the 
channel estimate are fed to the equalizer 22 that 
decodes the data. 
15 Figure 3 shows a further alternative embodiment of 

the invention. 

In some cellular systems, phase offset, i.e. a 
phase shift between transmitted symbols, is introduced 
in the transmitted symbols. This phase offset is 
20 introduced in order to facilitate implementation of the 

transmitter architecture. For instance, the new 
cellular system EDGE (Enhanced Data rates for GSM 
Evolution) uses 8-PSK modulation with a phase shift 
(phase offset) of 67. 5 » between transmitted symbols. 
25 In order to compensate for this phase shift in the 

receiver the received signal has to be de- rotated. 
However, a de-rotation of a signal with a DC component 
gives a signal with a rotating DC component. 

Figure 3 shows a suitable receiver for this 
30 situation. Again, components of the circuit of Figure 

3 which correspond to those of Figure 1 are given the 
same, reference numerals. In the circuit of Figure 3, 
the first coarse DC estimation and DC subtraction are 
performed as described above. The signal ^^(t) is then 
35 de-rotated in a de-rotator 32 with a phase shift (-6) 

corresponding to the offset (6) introduced in the 
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transmitter. The output j:>ft; from the de-rotator 32 is 
then fed to the first synchronization unit 12 that 
estimates a synchronization position- This position is 
then fed to the channel estimation unit 14 that 

5 estimates the channel filter taps and the residual DC 

component, talcing into account the rotating behaviour 
of the DC con^onent- This can again be done by using 
standard Least-Squares estimation techniques. The 
estimate of the residual DC offset is output to a 
10 rotation \init 34 that applies an appropriate rotation 

of the residual DC component, and it is subtracted from 
the signal ^(t) , giving a signal y (t) . The . further 
processing of the signal y (t) is carried put as 
described above. 

15 Further, in this case one can add a control unit 

that decides whether the second synchronization and 
channel estimation are to be carried out or not, as 
described with reference to Figure 2. 

Figure 4 shows a further alternative embodiment of 

20 the invention. 

When using a direct conversion receiver, a nearby 
interferer will cause a DC-step when ramping up its 
signal. This DC-step may or may not degrade 
synchronization performance if located in the training 

25 sequence. Components of the circuit of Figure 4 which 

correspond to those of Figure 1 are given the same 
reference numerals. The circuit of Figure 4 allows the 
impact of such a DC- step to be minimized. 

First the signal J>(t) is calculated as before 

30 using averaging of the received samples over the burst. 

Samples are then differentiated in a differentiator 42, 
i.e.. y{t)-y{t-l) is calculated, and passed on to the 
synchronization xinit 12 which estimates a first 
synchronization position. The differentiation is used 

35 in order to reduce the impact of the DC step when doing 

the first synchronization. The synchronization 
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position is then fed to the channel . estimation iinit 44 
together with the Undifferentiated samples 9- - The 
channel estimation unit now estimates the channel 
filter taps and the residual DC component, also taking 
the DC-step into account. That is, the model to be 
estimated is r=Hl7+DC+a*S^ fk; , where a is the unknown 
step level and the step signal Sj^(k) consists of k-1 
consecutive zeros and Mrk consecutive ones, where M is 
the number of symbols in the training sequence. Since 
the position k of DC-step S^c is unknown means must be 
taken to: 

1. Assume that the DC-step occurs at the middle 
of the training sequence or, 

2. Use information from differentiation which 
will result in a peak at the position of the 
DC- step or, 

3 . Evaluate all possible positions k in the 

training sequence- Minimize the error made 
using these different positions in estimating 
the model. That is, for each position Jc in 
the training sequence, estimate the model 
y(k) ''HU-hDC+Soc(k) . Calculate the difference 
with 

the received symbols, Err(k) = ^yi" yii^) ^ 

/=i 

find k that minimizes Power [Err (k) 1 . 
This can again be done by using standard Least - 
Squares estimation techniques. The estimate of the 
residual DC offset together with the estimated DC-step 
and its associated position are then subtracted from 
the signal y(t) , giving a signal y (t) . The further 
processing of the signal p ft; is done as described 
above . 

Again, in this case ,one can add a control unit as 
shown in Figure 2 that decides whether the second 
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synchronization and channel estimation is to be carried 
out or not- Further, in case of phase offset in the 
modulation, the same de -rotation technique as described 
with reference to Figure 3 can be used in this case 
5 also. Finally, the above mentioned method in order to 

take care of DC step can also be done without the 
differentiation unit, implying the first 
synchronization is done on the ordinary signal. 

There are thus described radio receivers which 
10 provide improved synchronization in the presence of a 

DC offset component. 
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1. A radio receiver, comprising: 

a front end circuit for sampling a received signal 
5 to produce a sampled received signal containing a DC 

offset; 

a first offset estimation circuit, for producing a 
first estimate of the DC offset from the sampled 
received signal; 
10 a first sxabtractor, for subtracting the first 

estimate of the DC offset from the san?)led received 
signal to produce a first estimated sampled signal; 

a first synchronization detection circuit, for 
estimating a simchronization position of the first 
15 estimated sattpled signal; 

a first channel estimator, for producing a first 
channel estimate based on the estimated synchronization 
position; 

a second offset estimation circuit, for producing 
20 a second estimate of the DC offset from the first 

estimated sampled signal, after estimation of the 
synchronization position; and 

a second subtracter, for producing a second 
estimated sampled signal using the first estimated 
25 sampled signal and the second estimate of the DC 

offset. 

2. A radio receiver as claimed in claim 1, 
wherein the first estimated sampled signal contains a 

30 residual DC offset, the second offset estimation 

circuit produces an estimate of the residual DC offset, 
and the second subtracter produces the second estimated 
sampled signal by subtracting the estimate of the 
residual DC offset from the first estimated sampled 

35 signal. 

3. A radio receiver as claimed in claim 1, 
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further comprising: 

a second synchronization detection circuit, for 
estimating a synchronization position of the second 
estimated sampled signal; 

a second channel estimator, for producing a second 
channel estimate based on the second estimated 
synchronization position; and 

an equalizer, for processing the second estimated 
sampled signal based on the second channel estimate. 

4 . A radio receiver as claimed in claim 3 , 
further comprising: 

a control unit, for determining whether or not to 
apply signals to the second synchronization detection 
circuit and the second channel estimator based on an 
estimate of the signal quality. 

5 . A radio receiver as claimed in claim 4 , 
wherein the first channel estimator estimates the 
signal quality, and the control unit determines that 
signals are applied to the second synchronization 
detection circuit and the second channel estimator only 
when the estimated signal quality exceeds a threshold. 

6. A radio receiver as claimed in claim 4, 
wherein, if the control unit determines not to apply 
signals to the second synchronization detection circuit 
and the second channel estimator, the equalizer uses 
the first channel estimate to process the second 
estimated sampled signal. 

7. A radio receiver as claimed in claim 1, 
further comprising : 

a derotator, for applying a negative rotation to 
the first estimated sampled signal; and 

. a rotator, for applying a rotation to the second 
estimate of the DC offset. 

8. A radio receiver as claimed 'in claim 1, 
further comprising: 

a differentiator, for calculating a differential 
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value of the first estimated sampled signal, before 
application thereof to the first synchronization 
circuit, and 

a step estimator, for estimating a magnitude of a 
DC step in the received signal, 

wherein the second subtracter subtracts the 
estimate of the magnitude of the DC step from the first 
estimated sampled signal. 

9. A method of processing a received signal, 

0 conprising: 

sampling the received signal to produce a sampled 
received signal containing a DC offset; 

producing a first estimate of the DC offset from 
the sampled received signal; 
5 subtracting the first estimate of the DC offset 

from the sampled received signal to produce a first 
estimated sampled signal; 

estimating a synchronization position of the first 

estimated sampled signal; 
0 producing a first chaimel estimate based on the 

estimated synchronization position; 

producing a second estimate of the DC offset from 

the first estimated sampled signal after estimation of 

the synchronization position; and 
5 producing a second estimated sampled signal using 

the first estimated sampled signal and the second 

estimate of the DC offset. 

10. A method as claimed in claim 9, wherein the 
first estimated sanpled signal contains a residual DC 

30 offset, comprises producing an estimate of the residual 

DC offset, and producing the second estimated sampled 
signal by sxabtracting the estimate of the residual DC 
• offset from the first estimated sampled signal. 

11. A method as claimed in claim 9, further 

3 5 comprising: 

estimating a synchronization position of the 
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second estimated sampled signal; 

producing a second channel estimate based on the 
second estimated synchronization position; and 

processing the second estimated sampled signal in 
5 an equalizer based on the second channel estimate. 

12. A method as claimed in claim 11, further 
comprising: 

determining whether or not to estimate the 
synchronization position of the second estimated 
10 san^jled signal and to produce the second channel 

estimate, based on an estimate of the signal quality. 

13. A method as claimed in claim 12, comprising 
estimating the signal quality, and determining that the 
synchronization position of the second estimated 

15 sampled signal be estimated, and the second channel 

estimate be produced, only when the estimated signal 
quality exceeds a threshold. 

14. A method as claimed in claim 12, comprising, 
if it is determined not to estimate the synchronization 

20 position of the second estimated sampled signal or to 

produce the second channel estimate: 

processing the second estimated sampled signal in 
an equalizer based on the first channel estimate. 

15. A method as claimed in claim 9, further 
25 comprising: 

applying a negative rotation to the first 
estimated sampled signal; and 

for applying a rotation to the second estimate of 

the DC offset. 

30 16. A method as claimed in claim 9, further 

conrorising: 

. calculating a differential value of the first 
estimated sampled signal, before application thereof to 
the first synchronization circuit, 
35 estimating a magnitude of a DC step in the 

received signal, and 
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subtracting the estimate of the magnitude of the 
DC step from the first estimated sampled signal. 
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